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(54) MAGNETORESISTANCE EFFECT TYPE HEAD AND MAGNETIC RECORDING 
REPRODUCING DEVICE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To obtain high sensitivity 
and high output and to easily control a bias point by 
connecting a pair of electrodes which supply a sense 
current to the both ends of a spin valve element and 
fixing magnetization in a magnetization fixing layer of the 
element with an antiferromagnetic film layer. 
SOLUTION: The spin valve element 1 is produced by 
laminating a pin layer, intermediate layer and 
magnetization free layer, and electrodes 2 are disposed 
on the both ends of this element. A magnetization 
direction P of the pin layer and a direction C of the sense 
current in the spin valve element 1 are arranged almost 
parallel to the counter face to a recording medium 200, 

anH tho mannotio fli iv -fl/-\%« /i r*» <~i *U ~ ^ _ 1:. 
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200 enters almost parallel to the sense current C. Since the magnetization direction P of the 
pin layer is almost parallel to the direction C of the sense current, such a problem that the 
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magnetic field by the sense current changes the bias on an operation point can be avoided. A 
sufficiently large exchange coupling magnetic field is maintained at the annealing temp, of a 
magnetic yoke as the characteristics of an antiferromagnetic film to fix magnetization of the 
spin valve element 1. 
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■V y 7 5 iCcfco T h 7 -y ?T<D&^-Mi\ii\<Dttmmi)miZ. 
*fc, &^3-^ 7<75^J?ICJ;-3T h?y^i 

[0 0 5 7 ] f-fc. JK^3-^ 7CDfi&^&#tt£#f8T 
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•5. -?-wf^(c. xtr>A-;u:7W iottfl:ll*#fflPtt 

ICBJ&SttT^-S;! IBSjffil* 2 0 0 ©<i^m^ 

1 lC««&$n^-fe>X^«t I (ijS^cStBS¥fT»U<« 
X««ttCJ:-5ffli^ttK@!«^2 0 0C0«#«^IC^UT 

[0 0 5 8] 0611 ^SS^WS-i'SfiBl^^^ K 
fc«t:&0T£>-5. -t&fc*.. m%3-2 7 <D±.\zWLVt> 

ntzmmm9<D±\z. xb:>n'j^$f 1 A*s^eKsn 

Tl^-5. ^©ffijgd Tifclll ltLTTa, afbS* 

Jf) 1 3ilTCu« BftStI (tf>I) Hi LT 
CoFe, 1 5 t LT I r M n . GUSH 1 6 

20 tvxT atfcnmizmmznTtez. 

[0 0 5 9] {1L. ^BJtciJ^Tfflt^CtCOT^'S 
[0 0 6 0] 07~il 5H *^^»C43^Tffll^^-5Cl 

t©T#-5x m ynjvzrmT i ©^©A^JSr^faf 

[0 0 6 1 ] 07 lC^J^L-feXe>A*;U^^l BH 
TH6I1 1 ltLTTa, K&J&ttB 1 5i LT I r M 

n . mitmmm HtLtcoFe, #mvtm 1 3 1 u 

30 TCu> BftSail 2«htTCoFe. S5SH6i 
LTTart*. Z(DMlzmm-2tlfz s b<DT'&2>. 
[0 0 6 2] 0 8(C^J^LfeXt>A*;U^ r ^l C«, 
TtfiSl 1 tlTTa, «ftgftil5tLTCoF 

e. «ttii3tLtcu. m2mitmmmi 4Bt 

LTC oFe, 117 tLTRu, ?f§ 1 fiSftHSS 1 4 
AtLTCoFe. S^att^ 1 5<hUTI rMn, « 
Iil6tLTTa*«. CWUKcS^^tlfcfeCDT* 
-5. 

[0 0 6 3] 0 9tCfi«J*Ufc:Xfc:>A*;U^^^l Dte. 
40 TlftS 1 1 t LIT a . K3£fi&t4Si 1 5 <b LT I r M 

n. mimitmmmi 4AtLxcoF e. mntv 

TRu. I2Mifil4BiltCoFe. 
lUtLTCu, SftgSIl 2tLTCoFe, « 

[0 0 6 4] si o icw^ufcxfcrwN*^:/^ 1 e 

tt. Tlfi^l 1 tLTTa. Kfblil 8. fiSfbSS^l 
2tL,TCoFe. #Bttll 3iUTCu. a<t@» 
IHtUTCoFe. S^lStt^ 1 5 t LT I r M 

50 T*-5. 
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[0 0 6 5] wzm^tz^yn^m^x f 
t*»i uiTTa, ^xmtmi 7 a, mit& 

41 1 2 <h LTC oFe, *lttil 3tlTCu, fig 
{fcSSJil 4tlTCoFe, m2mitm\ 7B, 
mam I 5(hlTI rMn, »SSJI 1 6tLTTa^ 

[0 0 6 6] 01 2iCW^L/fcXe>A^y^l G 
tt, Tft&Hl lilTTa, Mttll 5£LTI r 
Mn, fiBftESJIl 4<hUTCoFe, #fiBti Jf 1 3d: 
LTCu, KffcSSJS 1 2 £LTCoF e, KfcJB 1 io 
8, S8116tlTTa^ CI *l&*>0!> 

[0 0 6 7] 01 3JC«*Ufc^tf>A;^*^-lH 
tt, T%11 ltLTTa, S&BittJf 1 5ilTI r 

Mn, m2m<tmi sb, mfbass 1 4 tucoF 

e, #fiBtt)f 1 3ilTCu, IfbSAll 2 £LTC 
oFe, ilKfkll 8 A, &mmi 6tLTTa^ 

[0068] 01 4fc«sLfc*e>A^:/j|i^fcfli^ 

±i:«m 9 i^Ltx eww^jif 1 i3&«»j«aft 
[0069] xe>;w^*fi 1 a, Tmm iui 

TTa, SSittll 5£LTI rMn, GSffcHSfH 1 
4tLTCoFe, #IfiI13iLTCu, fiBfcSSl 
HI 2 £ LTC oF e, MftI 1 3 iLTC u, BSft 
itl HtlTCoFe, fc&M&m 1 5 4: IT I r 
Mn, ««116iLTTa^ Z<DMlzmmtZtlfzh 

mtmmmx 4 <Dm$*mmxfate*wp-cmLfzijfa-c 
[0070] 015 \zm^iytz^\^>/viym z Fhm^ 

[0 0 7 1 ] Xt!>A^^f 1 J« % TS61 1 tit 
Ta, R3ft«ttHl 5chLTI rMn, fiSfbSVIH 1 4 
(hUTCoFe, #EBttJSl 3tLTCu, Kfbgft/i 
12<hUTCoFe, 16119 <hlT7;^t, fi&ftg 40 
SSI 2<hLTCoFe, *|HBttH 1 3iLTCu, « 
ftBflUchLtCoFe, IntlTRu, fiBffc 
Sfi 1 4 t LTC o F e . ft 1 5 <fc LT I r 

Mn, SlSi 1 fitl-TTa^.. d^"Sic»IS$ii&*> 

[0 0 7 2 ] ^O^Cfe^TIi, *ffcWifi««»Ji9 
*tt^TW«<0«^B#JB 1 4 0Bft:£iajPtt£ir>lC 
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[0073] hi 6 c®£ttJtf«nfFeK«-r«fc 
Bittt&o, «*y<x***>-t;uLTs/Njt*:» 

[0 0 7 4] ^IC, *SMfi»»©JB2<D*fleflf(ICO^T 

t&am»2 0 oo±jcE»anfcE»h^yd/Tt>#f-& 

[0 0 7 5] A 1 2O3-T i C/A 1 

(0^-tt-f) C0±fC, NiFe/IrMn/ 
NiFea»f,^-^8g3-^7, 7 7&«»jGK 

;Ui*5 0. 3 //mtn:t^S. Sg3-^7 7 (3D 

[00763^3-^7, 7 (Dmrn^^^ys^ift 

nStxew^^SR^l fed: D»A£tl«BA|gUft«t 

9, «Atf»0. 0 5 um£-? 2>Z£T*ZZ>o ffi 

ABA1 2O3K<fc0«jBSf *Ct*T**. 
[0 0 7 7] S«6(B£ffi£H&¥fT&¥Bu 

WW:/*?- 1 , 1 2 0 0 (B*t[fi]ffl*> S J5f5t 

Efl«iiLfcttBlcEftlIE*2 0 0 fcHTff fc«*3 — 

^7^«i;Efijnt^§. ^st), fn€na)xt: 
>A;^$f nj~^gM3-^7, 7 tm^mzfe 
^-TSck'SicEitsnTt**. Eftii#2 o o^&Bfi 

[0078] xe>A^yif 1 <Dmitmm~jj 
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-5. 

[0 0 7 9] ^m2(DMi^m(D3-i/mm^y FT 

coo8o] 7 (r>mm.m^m^m^ 

nT^3fc#Kt*fi&tt*<±#o. ie&&& 2 o o oft *t 
a* £2*^ a < x tf > i ^ t m < ci t 

\zmi£t<tlX^Z>Z.tfr*>. IE®S£# 2 0 0 CDm*t&3fc 

ic^r«.ffis*^#<^^o xhrwui^sii^ 

IBSH5"y^i:fflS¥ff^^|fi]lCgii3n-5. -fe 
> X «iift IC <fc £ teft*t&}fc 1C *f L TBSS® i ft 0 . 

-t -5 d £ T S / N Jt 2: ^C*S K T # . 

[0081] ii8it *-&m&t&<Dm 3 romttwcts 

0. fEg«£#2 0 0W±{CfS^$nfefegh7>>i7Tfc 

[0 0 8 2] -Ttttl*). A 1 2O3-T i C/A 1 203^ 
^ft-SSIS ) <D±.\Z. NiFe/I r M n / 

uif efemmfrt>ts.z>-ti<»m%3-v7 . tawoh 

-wmzm'z>&o\zw.m\zB&Li<ixT^z>. mn.s- 
{7 7 <D$mm#2 0 0 ttm-rzmiztnizmmitt b? 

AWTSfcwi^n. zwjiotim&mmt-rztzsbizm 

%d,mm&2 0 0(rWr»Tr-5B'ffliJIC«l»SSiS 

b TB8¥fT <h & -5 =fc 5 JC6E^ 2 *IT H£ . 
[0 0 8 3] m^*^ y7 5fi*v-.v T'&^SisrrSt) 

ro^MiLTfi^fiSttw^^ffl^en, ^j^.«a 1 203 
iz£0Bi$.rz>z\ttf-e£2>. iS3-^7roiMi 
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tBSW &¥E±lCte. X >A*;U^ : f 1 ri<fE@i!«te 

2 0 ofr<bmmmm'&mi,itQ:w\z&\,>Ti&K2 oot 

BS¥fTlca^3-i7 7. 7lC e fcoT^itl-5ck^{CiBH 
$tlt^2>. -T&fc^, Xfcf>A*;U^"sil^ 1 

SES^nT^S. fE&4£#2 0 0 SffiBSt* ^ 5 £ 
ttLT&^3-* 7 IC^ALit<f*tffi&#fi. fiS^3-i7 

7 ^ lotx t:>n-;^if 1 ci^ns. -rfc*>%. 
m^3-^ 7 txe>;\*;^if 1 tits^i-^s 

[0 0 8 4] xfcf>A;p:/3fi^ i <z>fiBiBHb@» 

#[S]Pte, ««»®<hiiiS¥ff^t<«IE&h^ Tins 

wet*. ±>xnm&i&m-rzizsb<D-ti<DnM2. 2 
#i9!tt<E>*iT^-5. xtf>A-;u^i tc«i^$n^>-fe>x 

te^faizffiznz. 

[0 0 8 5] ±i2EUfe0 1 8C^$n-5fiS^ffitrE^I*^ 
s\y Hf4. 3-^^*i««i:*H6]®^eiii^^lCjin 

[0 0 8 6] 017. ££#0 1 8 (C^^n-SJ; 

[0087] Bi9it *m3(Dmftmizis^xm^2> 

-?Ufr*>, —tt<nm%,3->7 7. 7»fBUC 
30 (i. «5ig!^9€:^UTXe>A'JU^^l^«}^$nT 
l^-So Xt>/»^f 1 TlftS 1 liLTTa. 
SS^^S^l 2tLTCoFe. ^fiStt^ 1 3<hbTC 

u. mitmmm 1 4 tire of e. R&mam 1 5 & 

ITI.rMn, Sftlti 1 4 tUTC o F e, #6Stt 
113tLTCu, l8S{tg*)Sl 2iLTCoFe, « 
1 6 i LTT a ^O0l;eiSntlr^. £<i(C 
^■©±<HiJ{Ciii6i&^ 9 <£^bTiS^3-^ 7 *5M*nt 

[0 0 8 8] i20(l *^3(D^«aj(C*3l^Tffl^-5 

40 dt^T€r-5tewxe>A';uy^^<73itp)t*c«j^bfc»f 

T*I1 ltLTTa, m<t&&mi 2iUTCoF 
e . #mftm 13tLTCu, «S<bH^^ UiLtC 
oFe, mi (ci/TRu, iSfcS^S MtLTCo 
F e . SSiStt/f 1 5 <h IT I r M n . ffiftff 9 <t LT 
7;U5±. S^SSffi^l 5 <h LT I rMn. IfcSfl 
1 4 tLTCoFe. imftM 1 3tLTCu. 

1 2tLTCoFe, CSIfiJB 1 6 t LTT a £\ C 

so [0 0 8 9] iBjEic^LAc.fc^ic, tpitiro^ 
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® 9 zm/u-cmmox e y/vi'-frnTomitmrn-fifa p 

*fc. S&fiBtelg 1 5 9 /KW&m 1 5 

*-nS#7W&tlH4T&£N i OK&m&t&£ 

[0090] ^ic, ^mmm<Dm4(DM:^miz-D^T 

^9S-^UTIS!tt^nTt^„ Xt>AV^$f 1 CD 

<h<t feir. x tf >A-;uy^T i omits &mizm#m\z 

3 0, 3 0#f8tt<=>nT^-5„ 

[0091] xewc;w^jR-?i cDfe&jasigtctt 
n-cn&. — t, xt:>A-^f i *5|gg$nfcg? 

?7, 7»^ISW2«t0fcM<^-5<fc5(Cffifi£$nT^ 
5„ Xti>/\';W$f 1 <hfi&«3-i7 7 t*iS^:*S8^ 

—9 7 \zmtiz>ltib, z\<D^-c<nx\d>n)V^m=f-i 

[0 0 9 2] fCT, *ft^Jco<J;5(c. «ffi©IHK|W 
1 *«ft3 — ^©niHiW2«t 0 t>fi<f SdtlCcfcO, 

t®2, 2 ©&w?.xfc:>n;^$f i cd r^Si&j £ 

[0 0 9 3] #IC. *5IJfiJgffi<OS5©*«:W»CO^T 
BtWT*. 0 2 2 (a) tt, #SI^JB|gC9&5CQftft:0iJ 

7. 7tt-fte&U «#»C*J|8rr<5IIK:Ba*ry:/ 
&-5J;-5(;:*gliiJ9 Sr^L-TISlt'StlTU-S. S^. 

[0 0 9 4] Xt>Aj^I? 1 cQfefriUaiSlcfi. -fe> 
7>f|git€:{Jt^T-5fc«e)<D«g2 . 2*«l9:^6nTt>S. 
*£. fi8»3-i7 7. 7C0TIC«. iS«H3 2. 3 2A« 

aw-en-rn*. ecoiim/i6ic. B^cDj^icmsft i 
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^3-^ 7 t*v>;vv7mT i co^kssstci^^jc 

^3-i7 7 i:Xtf>A';l'y^f 1 T5g±-f-5A'Jl^A'j7 

if > j -f x sr ia -rn t> ffiiitn-r •& d t # 5 . 

[0 0 9 5] (®3CO^JS(DJgS8) ^(C, *iglEC0Sg3 

A';^ff li. 88^3-^ 7CD^^^lcB|-r-5. 
[0 0 9 6] 12-311 X\±>/Vl-Zfm?£m$L3-? 

&*)^. P]@ (aO te, «WlC7--;UfflST. *ffitfiJC 
^^•&^H=£'«bfey^7@T*^. *fc, mm 

(b) n. 7=.-)vm<D^m^ayT-(jv^m-r^^y 
s-e*o. ummxmmizfafr-oTmjsfa) 

OSS^fa) tSrW.-T^. 123 (b) lC*itt£>if 

Altt. fifl-Tyoke iTb-sv iZ&HZX a>/VU7m 

[0 0 9 7] ;c,t, J^T©&<«B&ffi*t£j£irf £>„ 

20 Tb-sv : 7,\f.>n)[,7m=?-v>mitmmmv>3zmi&'£i 
-r*>. ) 

Tb-yoke : ®^3-i7^«)S-r^SI5«»^n-y^>y 

as 

Hua-sv : x¥>rt)\,7mTc>m<tm%m<z>g.u-co 
Hua-yoke : mm.3-? &mf8.-rz>mi<D&m&miig& 
tsv : *}d>n)V7'm=?-<Dmitmmm<D7=--)v 

30 fig 

Hsv : 7.\d>rt)l7m=F-(Dmit®mm<D7—— )V 

mizaitiaTzMzmm 

Tyoke : 3 — i/gS*JC07--;Ufia 

Hyoke : 3-?gB#<A7:n-;Mi$CDfi85j L && 

Hua-sv (Tyoke) : Tyoke JC*3lt^X tf >/N';i/^iF 1 

cDSHt @* m <D 5:Wl)£&mn <D ± $ S 

Hk : 3-^SB«WS^ttfiSE^ 

[0098] 3-ymmn.&m.^m^y h*-c«. es« 

3 - p & ffifc? z> (c fig k £ J&f£f S C t fw .J; 0 9E 
40 3rf •SA'^A^-fcTW'f X (BHN) *«ll|ii]-r-5ei 
* 5 St)fi^^aiT*-5. BHNIt 3-^3t«rt(Cfi8 

E75^»s$n. ^ne^is^ic^Kj-r^cttc^oss 

tt. g'JWA-ffii LT3-i/SB«rt(CjgB£$n^iSK^3 

o. ^n-?ncoiSKasi!iw^iigttt^iis2fi*)ic-r-5ci<h 
tb h Nfimtmizmfk Ltzvim*K o wr 

-5. O*0. 3-i7!?B«rt{C®)S$n-5eE$:aiaB{k-r 
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[0 0 9 9] m&M'mnm.&ft^ot. mftMm* 
coioo] $ e>icsij»^tet lt. 023 (b) \zm 

^Lfc«fcolC. SilSttfliRA F Mt8Btt#RFMt 
Sri: -5. 

[oioi] r-^fBjttffig^c&^tej «. -*(p]fis«s 
Si»nbfe7^-;w. &-M>tt«&3-2M;:s«Lfca<s 

[0 10 2] 02 3 (b) KWSLfc«fc3tt*J0MlliS<B 
HTfe, XtV/U^*? 1 ©BftBf ■fflBft*** 

[0103] sfot, 7.\z>)vi7m=f-i<»m.Qcmmm 

&SI*fl=£fc*. £©«&. m^S-^SS^tlt^UT 

»#+#lC*€?^C£**##fca*l/^a*. 02 2© 
(b) K*Stt*J:3fc3--?a*t4:xe>AW:/SlS : f- 

[0104] 023 (a)<h(b) t leg Lit «t o \Z> 
*f. ^tr>A;U^3S^SrTb-sv£t±, *41>B, ■?•© 

ifi»T+»n*ft:H»T**ia«-cT=i-;u-r*. *© 

Tb-sv>TyokeSTb-yoke 

Hua-sv(Tyoke)>Hyoke>Hk 
£&-5ftJ?BfiB#Hyoke wa— *|B|(CHijnL 

I^TTr-WS. :CT, TyokettSS 
W»cttTb-yokeJW±* t «F* Li^rt*. -e-©>fifg©iMKT'* 

[0 10 5] SE^T, C©«£. Tb-sv>Tb-yoke & 

i©«fcH»J8©:/Dv*>^ffi££«Ja3- 
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^SBW©ya-y+>i/iaa«t©Mii. 3-?<Dmmffl'm 

^(S©yD-y^>yfiS^tLT«. 7— -;w**a»c 
0ISS-r-5fc»lC«2 0t«±T*5It*W$L<. 5 

[0106] mitmmmt3-?i®tt£<»7ny*>i/ 

*15. f^fr*.. ffi#£|5| -RUROEBBttfMSfc-r* 
io &At&&. ifc. &{fc@iglf iS-S'illrt.J.hT, 7"D-y 

* > ^fis tc & s *rr « a& 2) saeic© s st&tttt r * 8 
[0107] E.®m&me>i&m t ®mTz\z 
t. ra-ia»«©sai«e#Bi*ffl^**^»ctt. 3-* 

20 >A;U^*^KfflV»6n-&S»«tt*IRtUTtt. Fe 
Mn^, I rMn^, PtMn&4, CrMnS 

N i O^. CrA)^. CoPtMn^, R 
hMn^i, R u M n ^r^ft t*^ * 4 SBtt*S i ^ 
«tt£-r*» 6 i**E««tt(MK&fl! 1r»* £ t^pJfigT 

[0 10 8] t)3-0©S*bH*#tl/T. Xtf>A* 

3-^SS«©7n-;i/©fS©SH)PffiS«©S*S 
tf***<fc*. 3-^8B«©7— -;H*©Blftl«IHi. 
30 3 — ^ffl5W»Cffl^T^*»«ttflcBlFM©JI*ttfiBi* 
(Hk) <kDfc*fr<&<Tte&<E>&^o d*ltt. 3 — 
^ g|5«© 7 T b-yoke£A± ©MSTff 5 » (C. 

Oi:ittEj|Btt#RAFM*«biS;H3-J?i«6ffl 
^««dlct>jafflT?**. St-^T. fi8tffcB3glf©32ffcilg 
£«»Hua-sv©SflM*tttt, 02 3 (a) fC^bfc«fc 
5 {e±»CdbiM££&3 Z. ttfW$.LlK 
[0 10 9] Hua-sv©iRffi1#tt*|6]±1i--5fc*tCtt, 
S3iHKttfMB©18«tt©lfi]±, TXEfo^lMEiAlttOKd 

io ±*5«ttx^seg©a^b*0-5ct»^-«i-e**. S 

fc, Xtf>/W7ft?0>!RJR|ftSlC«fr>Ttt. 0 8-^0 

m2cDai*p (^2©B*)g) <h^nf,ic^*nfc(it 
[0 1 10] ^ic, *^*»»©Jl*«K:-3t>TBlwr 

-So 

[0 111] £i > T{CS¥j$-r^>Xfc!>/N-;U7 

so mT£m%3-9M&£&m^, *jat»ica^v»T 
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[oii2] £-r. x\i>n)),7m=f-t\sX\z. kto 

S V 1 : Ta5/Rul/Cul/CoFel. 5/Cu2/CoFe2/RuO. 9/CoFe2/ 
IrMnl0/Ta5 (nm) 

S V 2 : Ta5/NiFei/CoFel/Cu2/CoFe2/PtMn30/Ta5 (n 
m) 

Sga-^tHH NiFe/I rMn (5nm)/ 

n i f eo&mmmm&m^tt. 

[0 1 1 3] S V 1 lZ&VZK&m.&ftm ( I r Mn 1 io 
Onm) <D7 a 3 0 OtTSO. GBtl 

3-:?<Z>£3£fiBttft:|g& (I rMn5nm) »yD7 + > 

^aa«2 o o'CTfeorc. sfc, ^iaTro^^e 

#«, -tn-et-1, &4 0 0Oe. m OOeTSofc. * 

2 7 or- 1 0 kOe 

i omm--jjfaT-- 

S V 1 : 7.65% 
S V2 : 6.5 4% 

[0 1 1 7] ±15(75^-5 id. S V 1 <hS V2CDt,i-rtl{C 

7 n - ;u £ m U T AVP i7 a if > y -f x £ fiMf -5 d t 
[0118] ites-^gw^a-^smfcx:* mjv 

y^yjtkffi&m^Tmx^fz®:* SKEM (Scanning 
Kerr Effect Microscopy) &m l^T-£-CDffi&|K.8tig$rji 
^L-feid5. 3-i7SMfK:teAVI^A»>if>y>f XcD 

jr h t # a e> n 5 m smig is «k cobs itmm s nu 

[01 19] 3e»ic±iBOT3-^8B«*5cky:xtf>A*;i, 

X*>F^X:?K«fcD. ^-©tti^^fPffiLit^. 3- 

£ J; tfx tf > rt)V7m=T-%ifrt> v>rt)V>7 a v if > y 

[0120] 3-?®<Dmm.t&mmm'w KtLt 

02 47^602 6lC^Lfe^CDfe^tf en^.. 

[0121] cn&o-a— i'-fflBafittiiaRffl^y kic 
y-rx (bhn) «WjfflrogiiiffiT«..5. mm.3 — 

-5. nHraiL£:«J:5lC. £ <T>-)smz .fctlfcf, fiB»3-^« 
fi8E£«8/Mr:U it 9. — « 

K»*tttft*Lft 0 T -S C <t 7>tnJ^t ft 9 . BHN* 
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NiFe©SM8S«l=)5 0et*ofc. 
[01 14] S V 2 ( P t 

Mn 1 5nm) <DZrny*>{fUmt&&te&mm*. 
■f-n-?n3 5 CC. 6 0 0OeT*ofc. 

[01 15] cine.rogK^Srffl^Tfia^'s^ K**asiT 

T. T^-JUbfe. $1*. 2 7 OtT 1 OPffBJ— ^rrSjtC 
1 0 kOe <Dm^WUaLXT--)VV. 'A.IZ. 220 
rT5BfP B I ]|sHteLft#'E> 2 0 0OeOK#tT7x-;i, 
U -ecOSS^+T^Lfc. CCT. SVltSV2 
(02 2 0X:-?<O5Z&1g£mR<D±Z2\t, tn^tl25 
OOe, 3 0 OOeT&ofc. 

[0 1 16] C07--;UB5f^TXtr>A';UX^O5M 

r mmi&m) u ^izm-tm^mz. 

2 2 or- 2 0 OOe 
SEfffl ■ ®&7--)l& 
7. 6 4 % 
6. 5 6 % 

[0122] l^u 7,\d>n)vzrm=?-<nmt®mm\z 

(Hf^gltft-S. 

[0 12 3] cro^ggtCttLTtt. *SlifiJgfi8»«E^{C 
»^«r>fcSiS«ttiWROH«-. Tftfc*.. M§S.3-tHz 
tex f >A-;uX^^«k 0 fcfflci^Xa >y * > ^fflSS-W-T 

[0124] 0 2 4*i, *&w\z£z>mm.&m®$km'\ 

[0 12 5] 0 2 AVmm.'W KKfc^Ttt, A*-yi7 3 

ii. wn^wzhM%mzh&m.iinT^z>. szt. 

©a^-^^X5S:^bT. WffiWCtetf l>A3-£7 7 C 

awtsn. mm&j£tf'j >?vuzmfti-r2>£oiz2ti 

/«t*5. Xtr>A';UX^Tl<OWS(C*3^T{i, 

[0 1 2 6] Sfc. ^SS^'N^ h'CD7D> h3 — i7 7 
A, n~j9a — 9 7 B&JiZfXhAB-? 7 C 1 55(6] 
^ ^ » ^ ft : 1 - j # a ^ 1 o ■!« -5" , -r- « 1 & y£ « f Si S fC n 

T. x tr>A*;p-r^ i rofiSfk@»@©fi8<bH^ifijp 

[0 12 7] *»<*«lC*HTtt. Xtf>A;WX^^l 
A>6te^ttE^2 0 0 *T»Fb1© TTfC/g^j tte-sagj^ 
IC. XD>K3-i7 7 A7it|glt^tlTH-2>. ft-?T. 
50 KW!gaS:«i«-r^Ac«6lC«. Z.(D r^F!g5SB^j 
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m&vmmzmK b-c. 7a>ha-i7 7 amt?>c 

[0 12 8] £jfc, 3-:78Btti:bT, te&«i&2 0 0 
[0 12 9] Xhf>/N*;uy^l »fi^^[6]AS, 

t # fc m a ■=> n -r n t t» -5 =pj a t> # -r & . 

[0 13 0] 0 2 5«. 2|s:»Hj03a»Stn:5ci^^^-> H 
©SiJ©JM*:0fl£*^£«&0-e&-5. 02 4K3tbfc 
few t it -St. *i2cDi2Bll8#*W<E5. "Ttefc) 

[6]Pi:^it32UTt^. 7 □ > h 3 — 9 7 A t/N'-y 2 3 

[0131] y H©7D> ha- 9 7 

A, A'-y^H-^ 7 BiS^fctftf hA3-i/ 7 C (C 1 

T. X f > Wftt 1 »J8{fcE»Jg©fi&{fc@g?5[6] P 

[0132] 026lt *%B^05mMS$t55i^^'\u/ F 

Ttt. 2-3»7D> h3 — i7 7 A 1 . 7A2iA'7^3 

7 B«h7)^n-e*ti7.tf>/N*;uy^^ 1 A. lB(C«k 

3„ 2-PCDXtf>A*;W^ : fl A, 1 BKiOMibffilfl 5 
Hll 6 (CM bTmtKli bfccfc 5 IC, ttS/jSrfgliT^ 
1 1 fctC S /Nit : £^*atcrSj±-r-5 C i^'T^-So 
[0133] ifc. F5-;/^tBTw£XD> h3-;7 7 
Al, 7 A2»iSJPT8t5£-r-5roT'. ffi«>T&HfB» h 

-5. 

[0 13 4] (SfS4tf>5eS6rojg9B) ^(C. *%W<DW.4 
tf > / \* ;w 7 T <z> m a *£ I c o n t itt w -r -5 . 
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[0 13 5] 02 7H *«^Offll^«et2&*S'\v F 

(c it -5 a - ? t x tr > a;i> zrm^-o) teVtRzf z. ti 
[0136] cnzomizts^x. i «xe>/N*;u^3g 
t5fe»©A-f7xi, 7 «fflima-^«r*-r. xe> 

tLTIt mJ&bfc&^f6M£tCWbT0iJ 
^bfccfc3&a*ro8t/££«gfflT£-2>. 
[0137] AW 7713 0 t. bTti, Cr/Co80 
10 P t 2 0 ( a t %) ISJf B8>. Fe (70~95) Co 
(30~5)/Co80Pt20 (a t %) fflil^, 
Fe-Co-Ol<lt'©aitt7i7^ hBlfc£©«« 

[0138] 02 8~03 0«, 02 7 {C#J* bfcfiB^ 
Stfi55i*S^y KcoSgSKii^n-feXSrSTXSRirSS 

027 (a) iz^LtzA-Ammm^^-r. 

[0 13 9] mWZ. 0 2 7~0 2 9£#HSbOO. * 

[0 14 0] £-T, 02 8 (a) (C^Ufei^tC. ftft 
20 Tt&m9<D±.\Z, A< 7X^3 OiJiU^l COS&&SI8 
0«:*tta-r-5o *6^Tifi^9«. H*btt^»« 

fc(75-CS)0. fffiWiLTB, WAtiA 1 Ox (^t 

= *t'«ffl^^t*«Tt5. Sfc, mi 

0«1R8 0«. A 1 Ox^S i Ox (t<t->'J3» ^ 
E \z i. 0 Jg^-T -5 C <t t5 j -c? # £ . 
[0141] #fC. 02 8 (b) (;^bfcJ:o(C, 

x hvx^ 3 o o 5r0fi£-r^><, mtkmzit. m 1 ©i?e^ 

[0 14 2] iJ^fC, 02 8 (c) (C^bfci^iC. mi 
©*6i»BS8 0£SS?#HCX-y?>fT-5. «^W(C«. 

3->>fts.E<7) K5"f X-y^>ytCJ;0, U->*X h VX^7 
3 0 0©liP»t:fiiHJL/TV>*JBlOf6»Bt8 0*X^ 

[0 14 3] ^tC. 02 8 (d) fC^bfccfc^H, V-J 

x hvx^ 3 o o &m£-rz>. 

[0 14 4] ^tC. 02 8 (e) Cglfciol:, AW 

40 7xsi3 o*ii^i¥]»cx-y9 i >^-r^>. m 

KOfUmMB O^VX^tbT. ^-coBflPtCSgmbTti 
^.AW7XH5I3 0€rX-y^>^-r^>. 02 9 

(a) (i> 02 8 (e) £ffl—<&JKflB*«-r. 

[0 14 5] ClvjK©T.®iS. 0 2 9 ICwL/ti^ IC. 
2a^<C^tt^>C<i:^-t?^-5. -f&fc^. 02 9 

(b) Jcabfc«k^ic. i2<SW8 2 ^^cStc*i« 

b. ^etc xf>/w7"m«i<inaMii5 

bTli. A I Ox-^S i Onts.iZ&m^ZZ- tifi-QZ Z>. 
50 [0 14 6] 02 9 (c) lcabfcJ:51C. X 
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[0 14 7] #IC. 02 9 (d) (e) icSL-ifc 

&o\z. t^->*x h-7xi7 3 o 2 £j&fi£-r-5. -r&*>*.. 

Srffip.fcolCL'v'X hVX£ 3 0 2 $:}gjS-r-5. 
[0 14 8] ^tC. 029 ( f ) (g) (C«Lfc 

cfc-5JC, «lf#}i§£x-;/:f >^U US 3 ©«gi&BS 8 4 £ 

itfsrs. u>>x kyx? 3 o 2 co^fiotc: 

/W^Jl^cOttJifllia 1 7X1 3 0*>6 Stl 

■vf>^LT, HD*5j;lKi@HM-D$-iS-e^^f -5 

[0149] m3<Dmmm8 4tLXA\ Ok 

[0 15 0] l^yXh7X^3 0 2*iSt 

-5. 

[0151] sstc, 0^«*»&-r^^ 

1 iA-f7Xi3 0 SrX->^>^T-5,, 

[0 15 2] *5B91»Cj:*<b'5 — 3©»J«*jS* 

0 3 0Sr#flgUOt>SlWr-5. 

[0 15 3] 03 0 (a) (C^L-fcck^lC. 

®9»±tC. XfcT>AMl,:/s?i^©*SIHgjgl 
/SL, -?-ro±l:l/yX h7X^ 3 0 2 

[0 15 4]i*:lC. |b]0 (b) \Z&Vtz£z)lZ. 
HVX^ 3 0 2©^»C^ffiLfcXt;>A;i,:/3?|^<7)« 

[0 15 5] #(C, l»)0(c) iCSL/tcfcoK, II© 
f&&lg8 0, /H7XR3 0. W, 2 V>1®$m 8 2 

[0 15 6]*:, |b|0 (d) fc*Ufcj:3K:, i^x 
h"7X? 3 0 2 t^lC. -eco±©mi CDi&i&lgtS 0. A 
-TTXBI3 0, %2<0|filKR8 2 

[0 15 7] #.\z. |S)0 (e) tcaLfei^lC. SitBL- 
7tXtr>A*;U^^©±lCl2(7)U>'X hVX^ 3 0 4 

[0 15 8] ^IC, |5J0 ( f ) l=£LfcJ:9k:. 13® 
IBttR 8 4 ££ffitC:tfMa-ir-5. 
[0 15G] CCSgcDT.gi LTii. 3&^Lfc«fc5!C, 

i^vxh7x^3 0 4»^L, xtf>/\*;uy^^ 10D 

fi^#|nJ0>-J-j£ L <&«^-T-5 ^OtXttlSMfS 
[0 16 0] JW±. 0 2 8-03 0 £#<!SL-30lftf}L 
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«6&#TH:bn. ««|2^6©«85^A , -f 7XS5I3 OK 

Xtr>/N-;U^^ 1 ©X-y^gB'NCjgj^gSrK^Ti* 

[0 16 1] 3<=,{C. /H7X13 OSriStt-SCttCJ: 
-•J>i/J jWR<&0. BHN**«l*|Stt<&. 

[0162] *mm&mv>-jjmte. &m%nm.&m&rt 

io -rTXK$-ffl^^>*^IC^lC*3«iT*-5. 9Stt7i7 

«BS U IS * «B§-T * C t T €? 3 . 
[ o i 6 3 ] . m 5 <D&m<DMm #319!(DSg 5 

x^©A-^>xic»BL.fc#U5E±©#m**-r-s. 

[0 1 6 4] 03 1 te, *f£Wcomm.tg.tn%)%:8!>'\v H 

ic^^Txe^/N^u^^tcf^ffl-r-s^aw^coH^ 

Sr*Lfc«E^0-C*-5). 
[0 16 5] 13 211 cn^CO&afig^SK^ 

20 temtofkM^v Kco/^TX^tCS^-rKSSrST^^ 

[0166] s-r. 03 i *&m\s-3-om.wtz>ii, x 
^/wyi^iii mits&mi 2t, #nki4hi 3 
t. mitmmmi 4£j)mm2nrzm!8.&m?z>. ^-l 

[oi6 7].tit. rffli^ftxt: >/t;u^*^ 1 tc 

30 mfflms.ftm\z&zmRH inter t. ®F B 1»^^lc«t 
•5«B#Hstatic£. -fc >X«fiit(c«t-5m^Hcurrent <h 

[0 1 6 8] 03 21C^Ufci^(X. cnf.©§I#(?) 
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l:y7h$1+, Hstatic«A*-1'TX,'SSr-v"r^X(BiJ{C-> 

[0 16 9] CCT. HinterU, Xt:>A'^7ff© 

MR$£ikm&-tifztzsbi,z#mtfim 1 3s»<t -&<*:, 

#/Jn£ < ^-SWT. X tf >A;U:7*3S^OT!g5S£r6j±£-ti- 

#oT. Hinterfc^:^ <ftS. 
[0 17 0] ICOi^.^flgfflfctT, ,'H77,**f 

^.-rcii:^<igsui^ • is^a^^-r^iti(?)ic«, Hst 

aticSr^€r<-r-5C<h^«t 0. H inter tHstatic€r¥ 

se^-a-^) c <tic j: 0 . A*-f7x,^*tiat5 c 

50 [0 17 1] Hstatic«X^>A*;U^^©*^ 
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*rtl\Z'&r>Tm<tmmm 1 4®Ms • tttt>±tf&<T 

[0 1 7 2] *&W<Dm%&tm&m^v 
^T«> &{fc@ilfJlCD&{fc:£|S]P<h-fe>XSSitCDiiS:5 
|S)C t^«S¥ff tttZfcSbiZ. -t>xmfiit®^Hcurren 
t*«Hinter^>HstatictC^bTBgSiS^rR]tCfilJp$tl 

[0 17 3] icOfc^JCti. -b>X^git«:fiS<be*Jl 1 
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*-&. SfcHttlBl 4CCoFe&£eftfr> 

GSffcgSJi 1 2 fctt. CoFeB§4. C 
oFeC^, »5V»ttC o F e N£#3?CQ*m£flH> 

[0 17 4] :ncj:0. -t>X«aE**«W»-«ftH 

[0 17 5] 'A\Z. *»H©««S»B»*ffl'Vj/ H»CM 

[0 17 6] $111 Cft6«*&0y<Z>«t6)c£*-r*>eC> 
V>mm (nm) KJ:0*anTV»*. KttrtOlENK>*- 

[0177] 
[Hi] 





n m fiR 




Ta5/Ru 1/Cul/CoFel. 5/Cu2/CoFc 2/P tMn 1 0/Ta5 




Ta 5/N IFcl/CoFe 1/Cu2/C o F e 2/P t Mn 1 5/Tb 5 




Ta5/Rul/Cul/CoFel. 5/Cu2/CoFe3/RuO. 9/CoFe 1/1 rMn7/Ta 5 




Ta5/NiFe2/CoFel/Cu2/CoFe2. 5/PtMnlO/Ta5 1 


9dfeM5 


Ta 5/Ru 1. 5/Cu 1 /CoOl/Cul/CoF e 2/Cu2/CoF e 3/P tMn 1 0/Ta 5 




Ta 5/Ru 1. 5/C u 1 /CoO 1/C u 1/N I F e2/CoF e 1/C u 2/C oFe3/l rMn 5/Ta 6 


ttM7 


T a 5/Ru I. 5/C u 1 /Co F e 2/Cu 2/C oFe 2/CoOl/CoF e 1/P t Mn 1 0/T a 5 




Ta 5/N I F e 1 0/Co F e l/Cu2/CoFe 2/P tMn 3 0/Ta 5 
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n 1 2<7>mm*m<-?z>®'£;\z\-z, ssa riE-t?©/^ 

tf&Z1ZtblZ, J««A riEttpJ«fcHD«V*:&a*J: 

ftttWfcn. 3. OraTo r r BlTtf* C 

<. 1. OmTor r£tTit5Ct*^f>l:iS 



[0 17 9] Ctl^c0Xhf>AJPygS$:ffl^fc3-^gy 
«0iJlC:fcl>Ttt. /H77,^t< <fntb$^it 

* k m tmm m =f-& *> © m h vm. m a tits. &r> it . 



[0 18 0] (tseommoBW X\z. *^bjco^6 
[oi8i] vA±.m.w\stz&nmMm<F>m%&mh$km 

[0182] 13311 CCO«fc-5^ate^M«3MBS 
fiBSLfa&&g 1 5 0 H, □-5"J-7^faI-?Sl 

5 in, xt;> h*;n 5 2 tce^atx. s^b^^fBSft 
•ckBEHE-r*. {tsm^-cx^ i 5 ia<»± beware 

cOitX^>->3 > 1 5 4©5fci§&l;:$t9#tf 6*1X^-5. 
CCT, 's-v KX5"f^l 5 3(1. jffiizELfc.^ 

[0 18 3] Slf-fX? 1 5 1 *i|5ie-r-5i:. ^> K 

so x 5-f y 1 5 3 ommififfi (a b s > hb^t^ xi7 
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1 5 1 «ffl)?±MfcoTM$n5. 
[0 18 4] «^>ya> 1 5 4(i, BjSl,fc^ffiBb 

n -r ^ e ffi # -f * e > sb ft <*: £ t ^ ^ ^ x - * 

7-A 1 5 5<D-S%\Z&m2ftT^Z>. 7?fal-? 
7-A 1 5 5<Dmmzit, 'J ZTt-i'W-iTj^^ 
-f X3-fJR-^ 1 5 6^|g^e>nTI/^. #-fX3-f 
Jl^E— ^ 1 5 6 B, 7^faI-?7-A15 5©#t' 

[0 18 5] Ti'fil-J'T-Al 5 5(i. 63^$4 1 
5 7 CD±T 2 ©mtC^:^ £>n7t07KL&<^#— )V*7 U 

>^fcj:oT{*^f$n. ^-f xa-f ;u^E-^ i 5 6 tc«k 

0 IsHteffliM* g ft S «fc O \ZtZ o T ^ 
[0 18 6] ^fgH^fCitltf, Hd&Ufc&SlJS^agiC^ 

[0187] 

[mil *mw<nmi<»mmv>fcmiz%zmn.t&tri%)%: 
m^-y Fomi&zmi&mizmTmmm-e&r)* mmm& 30 

[02] f^i^mmm<D^y FZimMtetmifamfr 

[13] &immmm<D&MMiz%zmnm.ffim3km'\ 

[0 5] *^W©^2«3li6S(D}gSHc^7i^^^.v K 

[16] Wi2mt&wm<D3-7-mM$i.'\v pizm^&z. 

[0 7 ] ^fgl^lc&HTffl^-SC tWtt'SX tr>A';u 
7£T 1 <a^j£<75fttt0J£gT^ffi«;§:0T&3. 

[08] *^WtC*3UTffl^-2)Ci:C0-p€r-5Xfcr>/\-;P 
731^ 1 «#}>«<D*tt0*J£igTBrDS«;£:0T'£>-5. 

[0 9 ] *f£Wiz&^rm^z>z. troT^-5xtf>/\'^ 

[0 1 0] #^K;fc^Tffl^-5C<hOT€i--5Xtf>/\' 50 
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)\>s*%=t 1 ro«|fi)cWft^0iJ«:«-r»rS«^0T*-i> o 
[011] *^ic*3^Tffl^^c«h<DT^-5xe>y>c 

)V7m={- 1 (D«|fiEroft«:CSJ$riS-r»fffi«l^0T*^. 
[012] *^l;*l)Tfflls5i <h<DT£-5Xt:>A 

;i^§?t^ i wtSfiEco»^j*^-ri9fM«i^0T$.^,. 

[0 1 3] *^W(C*3^Tffl^-SC<i:»T^-S)Xfc;>A- 
1 ©mcE©ai*0iJ^a-r»rffi«E^:0-e$)-5. 

[014] *38W;::fcHTffl^-5>C t0DT#-5Xe>/\- 
1 O^fiEO5*«:0iJ$«T»rS«^0-e*^). 

[01 5] #fgSS(c:fc^Tm>££<hcDT£-5Xhr>A' 
1 ro«fiE©fttt#J£«-ril*B«;t:0T&-5. 

[0 16] MS!iti(6ifif^S:itt^-r-5^*«>cO^^-70T* 
-5. 

[0 17] Sf£2^S*S$OTSg2<Z>^&^S^y K 

[018] &2$mBm<nm3v>mm.&fcMM'\v f 

$r^-r^«I^:0-p* ^. 

[019] *^{C*5^Tffl^-5C<h^-C€r-5Xtr>/\* 
JU7«^rofit^£^Lfcil*ffi«;£0T&£. 

[02 0] *^WlC*3^Tffl^-5C<i:^T^^te»xe 
>A-;U^^co«}^S:^U/i»fE«l^0T*^). 

[021] fH2mmmmcpm4<Dm^mmMm-\y f 

[022] (a) te3&2mt&Mm<D&5<Dm:#;M\z&Z> 

mm.ts.inito&sii's y f £3?-r &««;f:0-e$> o . ( b ) 

[02 3] &3m&Mm\Z*$VZ> (a) XhT>/W:/* 
&mRL-7ny*>lfMm£<Dm&$:. (b) X£>A 

[024] *%w\z&zm%&tiiy&zkm'\v wm&m 
[02 5] *mw<Dm%.t&m%>mm'\v wmnmtem 
[026] *^?qroffi^sjfi:^^/\^ vomomwm 

[02 7] *%B^ro^fitri^)«l^'\^ F(C*>tt-5ffiBl5 

3 - ? i x tr >/\'^y*T ©i«s^cn ^ <D&.mm% 

ZWrn L fc«^;0T* -5. 
[02 8] 02 7 (C^J^Lfc^etit^^S^-y KWM 
3BKjg7n-fcx£*-rxg#rffi0T&9, 02 7 (a) 

izrnL fz a- Amwrm*^.?; 

[02 9] 02 7 (C^^LfefiSae^SIB'N-v h'WM 
SKSigya-feX£3?TT.e#rffi0T&9, 02 7 (a) 
K 3£ L A - A & »r ffi £ ST . 

[030] 02 7 \zm^Ltcmm.i&m))?km^y k<os 

35Siayo-feXS:^-r.T.eK6S0T^O. 02 7 (a) 



(16) 



000-339636 



29 

[03 1] *&W<DmfS.&tfi®%:g>'\V KK*5*»T*t: *2 
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t4B»»aHT»*. 12 

[E34] &*<£>->-;u h*syx tr>n;uya!«»»ttsa 1 3 

[03 5] IBfflXfc:>/ , C;P^ , ffl«««StSS*'\y h*««t 10 1 5 
ii**^:»K*-r»«H'r»*. 1 6 

waraoiMi] 3 0 

1 Xtf^-A*^^^ * 2 0 
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This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 

BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of the original 
documents submitted by the applicant. 

Defects in the images include but are not limited to the items checked: 

□ BLACK BORDERS 

□ IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 

□ FADED TEXT OR DRAWING 
g/blurred OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 

□ LINES OR MARKS ON ORIGINAL DOCUMENT 

□ REFERENCE(S) OR EXHffilT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: 

IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



